Introduction

46
Thermal processing of foods has been the most popular technology for food preservation.
47
However, thermal processed foods were often reported to have cooked flavor, protein 48 denaturation, loss of nutrients and vitamins (Wirjantoro and Lewis, 1997; Knorr, 1999) . 49 Moreover, reports suggest raw dairy products are preferred by consumers due to superior 50 organoleptic characteristics (Buchin et al., 1998) . Therefore there is an emphasis on developing 51 nonthermal processing technologies with the goal of improving retention of quality and nutrition 52 of food products (Knorr, 1999; IFT, 1999) . Ultraviolet (UV) irradiation is one nonthermal 53 technology that has garnered considerable interest for treatment of food.
54
Within the UV range, there are three regions based on the wave lengths in the 55 electromagnetic spectrum: UV-A (315 -400nm), UV-B (280 -315nm) and UV-C (200 -280nm).
56
Studies (Bank et al., 1990; Miller et al., 1999) suggest the destruction of microorganisms occurs 57 by penetration of UV-C light through the cell membrane resulting in damage of DNA due to the 58 formation of thymine dimers which prevent DNA transcription and replication, eventually 59 leading to cell death. The 253.7 nm in the UV-C region was reported to have the most efficient 60 bactericidal effect because the DNA of microorganisms absorbs photons strongly at this 61 wavelength (Harm, 1980) .
62
When UV is used to treat food, the UV-C dose is the radiant UV-C energy incident on a 63 unit surface area of food being treated. UV-C dose is normally calculated using the following 
66
Where, Irradiance intensity is the incident intensity of UV-C light on the surface being 67 treated. It may be either directly measured using a UV-C sensor or estimated if the intensity of 68 the source and optical properties of transmission medium in known. where, Re is Reynolds number, ρ is density of fluid, µ is dynamic viscosity of fluid, D is 100 diameter of tube carrying the fluid, and v is velocity of flow (Geankoplis, 1993) .
101
Laminar flow occurs when Re < 2100, whereas Re > 4000 indicates turbulent flow. A 102 flow regime with Re between these numbers is considered transient flow (Geankoplis, 1993) . The foil to prevent exposure to the personnel of UV light.
153
A range of Re was required for this study and was achieved by using different flow rates
154
of milk through the UV reactors and calculating the resulting Re, based on equation 2 (Table 1) .
155
The density (ρ) and viscosity (µ) of RCM and SCM milk was estimated according to the 
163
The PFA tubing wrapped around the quartz glass sleeve was divided into two zones in only. See Table 1 determined and used to set the pump speed setting.
193
During actual experiments, the pump speed dial was set per the respective regression was performed using plate counts as described in sections 2.7 and 2.8. 
UV reactor operation and cleaning
282
Inoculated milk samples were treated using the UV reactors. A milk temperature of 24 - 
293
Both UV reactors were cleaned immediately after each treatment by pumping hot water 294 (500 ml) at 70°C followed by 100 ml hypochlorite recirculation (200 ppm) for 10 min, followed 295 by 100 ml ethyl alcohol (95%) recirculation for 4 min and a final rinse with sterile 500 ml 
Experimental design and statistical analysis 301
Factorial experimental design was used for this study. UV reactor (tubing diameter) and
302
Re were the main effects and log reduction of the bacteria was the dependent variable. 
Quality of milk samples
325
Average composition of RCM was 4 ± 0.1% fat and 12.8 ± 0.15% total solids during our 326 experiments. SCM composition was 0.1% fat and 9.1% total solids. The average SPC of RCM 327 was 1.1×10 4 CFU/ml, whereas the average SPC for SCM was 4.2×10 3 CFU/ml. Coliforms and E.
328
coli were not detected in either type of milk. The pH of RCM and SCM at 24°C was 6.7 -6.8 329 which was within the range of normal pH (6.6 -6.8) for both types of milk. UV-C absorption 330 coefficient of RCM at 254 nm wavelength was 220 cm -1 whereas that of SCM was 170 cm -1 . The 331 absorption coefficients of both types of milk were higher than that of fruit juices (11 -78 cm -1 )
332
reported by Koutchma et al. (2007) . at each increase in Re (Table 2 ). For the 3.2 UV reactor, log reduction of the two higher Re levels 362 was significantly higher than the log reduction of the two lower Re levels. (Table 3) . For the 1.6 UV reactor, the treated SCM at three higher Re levels had undetectable 377 bacteria levels (highest possible reduction =7.78 log10 CFU/ml), which was significantly better 378 than the log reduction of the lowest Re level. This can be attributed to the significantly greater 379 degree of mixing of SCM at higher Re of 532 than the Re of 265. Since the highest possible log 380 reduction was already reached at this Re level, the log reductions at Re levels 794 and 1064 also 381 had the same log reduction (7.78 log10 CFU/ml). For the 3.2 UV reactor, log reduction of the 382 highest Re levels was significantly higher than the log reduction of the two lowest Re levels 383 (Table 3) . a significantly greater log reduction, except for the two highest levels of Re which were not 389 significantly different (Table 3) . Similarly, the simple effect of Re was significant for the 3.2 UV 
